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間の脂質輸送能はMdm12 < Mmm1 << Mdm12-Mmm1の順番であった。Mdm12 の構造に基づいて
Mmm1の構造をホモロジーモデリングで予想し，それに基づいてMmm1の予想脂質結合ポケットの変異
体を作成，Mmm1， Mdm12-Mmm1複合体の in vitro でのリポソーム間の脂質輸送能を調べたところ，

















３．Research projects and annual reports 
Eukaryotic cells are highly compartmentalized into membrane-bounded organelles 
with distinct functions.  Mitochondria are essential organelles that fulfill central 
functions in cellular energetics, metabolism and signaling.  We are studying the 
molecular mechanisms of biogenesis and quality control of mitochondria and other 
organelles from the viewpoint of protein and lipid trafficking. 
Most mitochondrial proteins are synthesized in the cytosol and are transported to 
mitochondria by dedicated import systems.  The TOM complex in the outer membrane 
(OM) functions as a protein entry gate through which over 90% of the mitochondrial 
proteome is imported.  The TOM complex consists of the channel-forming �-barrel 
protein Tom40, and six �-helical membrane proteins.  Structural analyses of the TOM 
complex by site-specific photocrosslinking revealed that the TOM complex exists in 
two distinct forms, a three-channel form (the “trimer”) and two-channel form (the 
“dimer”).  
Here we discovered that Por1 sequesters the Tom22 molecule that is dissociated 
from the trimeric TOM complex upon its conversion to the dimeric complex.  Por1 is a 
yeast voltage-dependent anion channel (VDAC) and mediates transport of small 
molecules across the OM.  The absence of Por1 shifts the equilibrium of the TOM 
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Tom22 into the mature trimeric TOM complex.  Tom6 is known to stabilize the trimeric 
TOM complex; the absence of Tom6 shifts the equilibrium of the TOM complex 
towards the dimeric form.  Intriguingly, simultaneous depletion of Tom6 and Por1 
leads to formation of the pseudo-trimeric form of the TOM complex, which was shown 
to be defective in protein import both in vivo and in vitro.  This suggests that Tom6 is 
critical for guiding the proper assembly of Tom22 into the TOM complex in the 
absence of Por1, and preventing premature integration of Tom22 into the trimeric 
TOM complex.   
Organelle functions strictly rely on the organelle-specific lipid compositions.  How 
hydrophobic phospholipid molecules can traverse aqueous compartments to shuttle 
between different membranes is a critical question concerning the mechanism of 
membrane biogenesis.  ERMES (ER-mitochondrial encounter structure) physically 
links the membranes of the endoplasmic reticulum (ER) and mitochondria in yeast.  
Although the ER and mitochondria cooperate to synthesize glycerophospholipids, 
whether ERMES directly facilitates the lipid exchange between the two organelles 
remains controversial.  Here, we compared the X-ray structures of an ERMES subunit 
Mdm12 from Kluyveromyces lactis with that of Mdm12 from Saccharomyces 
cerevisiae, and found that both Mdm12 proteins possess a hydrophobic pocket for 
phospholipid binding.  However in vitro lipid transfer assays showed that Mdm12 
alone or an Mmm1 (another ERMES subunit) fusion protein exhibited only a weak lipid 
transfer activity between liposomes.  In contrast, Mdm12 in a complex with Mmm1 
mediated efficient lipid transfer between liposomes.  Mutations in Mmm1 or Mdm12 
impaired the lipid transfer activities of the Mdm12-Mmm1 complex, and furthermore, 
caused defective phosphatidylserine transport from the ER to mitochondrial 
membranes via ERMES in vitro.  Therefore the Mmm1-Mdm12 complex functions as a 
minimal unit that mediates lipid transfer between the membranes.  
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Toshiya Endo:  Biogenesis and maintenance of mitochondria through protein and lipid transport (招待講演)  
42nd FEBS Congress,  Jerusalem, Israel,  2017.9.10-14 
遠藤斗志也: 奇跡の分子，タンパク質が拓く細胞の不思議な世界（特別講演）名古屋市立大学総合生命理学部新設記念
シンポジウム「未来を拓くサイエンス」名古屋市立大学，2017.10-15 
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阪上春花，石坂直也，塩田拓也，田村康，遠藤斗志也：ミトコンドリアポリンタンパク質 Por1 は外膜透過装置 TOM
複合体のアセンブリー調節因子として機能する，ConBio2017（第 40 回日本分子生物学会年会・第 90 回日本生化
学会大会），神戸ポートアイランド，2017.12.6-9 
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研究代表者：遠藤斗志也, 取得年度：H24-29 年度 (6 年) 
科学研究費補助金・特別推進研究 
課題名：ミトコンドリア生合成を司る細胞内統合的ネットワークの解明 
研究代表者：遠藤斗志也, 取得年度：H27-31 年度 (5 年) 
科学研究費補助金・若手研究(B) 
課題名：再構成系により明らかにする膜間リン脂質輸送分子メカニズム 
研究代表者：河野慎, 取得年度：H29-30 年度 (2 年) 
科学研究費補助金・特別研究奨励費 
課題名：ミトコンドリア外膜トランスロケーターによるタンパク質輸送の構造・機能研究 
研究代表者：荒磯裕平, 取得年度：H27-29 年度 (3 年) 
科学研究費補助金・特別研究奨励費 
課題名：ミトコンドリア内膜トランスロケータ TIM23 と TIM22 複合体の構造生物学的解析 
研究代表者：松本俊介, 取得年度：H27-29 年度 (3 年) 
科学研究費補助金・若手研究(B) 
課題名：小胞体-ミトコンドリア間のリン脂質輸送タンパク質VAT-1 の構造機能解析 
研究代表者：渡邊康紀, 取得年度：H28-29 年度 (2 年) 
科学研究費補助金・若手研究(B) 
課題名：ミトコンドリア外膜のAAA-ATPase Msp1 によるタンパク質品質管理機構 
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29 年 9月 研究室（＋関連研究者）のリトリート「オルガネラ研究会」（愛媛） 
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